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Abstract
ITER is a large experimental tokamak being built to research fusion power. The ITER cryostat is a multifunctional system which 
provides vacuum insulation for the superconducting magnets operating at 4.5 K and for the thermal shield operating at 80 K. It also 
serves as a structural support for the tokamak and provides access ways and corridors to the vacuum vessel for diagnostic lines of 
sight, additional heating beams and the deployment of remote handling equipment. The cryostat has feed-through penetrations for 
all the equipment connecting elements of systems outside the cryostat to the corresponding elements inside the cryostat. The 
cryostat is a vacuum containment vessel having a very large volume of ~16000 m3 designed to be evacuated to a base pressure of 
10-4 Pa. Design details of the cryostat and associated systems, including Torus Cryopump Housing (TCPH), are discussed. Status 
report of the cryostat developments is presented.
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1. Introduction
ITER tokamak is being constructed at St Paul Lez Durance in France. The cryostat is a vacuum vessel having a 
very large volume of ~16000 m3 designed to be evacuated to a base pressure of 10-4 Pa. The cryostat is designed to 
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transfer all the loads like gravity, seismic etc. that derive from the vacuum vessel, magnets and from the cryostat itself
to the floor of the building pit through sliding bearings to the concrete crown ring structure.
2. Description of ITER
The main function of the cryostat is to provide the vacuum environment to avoid excessive thermal loads from 
being applied by gas conduction and convection to the components that are being operated at cryogenic temperatures, 
such as superconducting magnet systems, thermal shields etc.
The cryostat is a fully welded single wall reinforced cylindrical chamber with top dome shape lid and bottom flat 
head as shown in Fig. 1. The cryostat is assembled with its axis vertical and has overall dimensions of 28 m diameter 
and 29 m height with a shell thickness varying from 50 mm to 180 mm. The diameter of outer cylindrical part is 
reduced to 19 m below the divertor ports. These two cylinders of different diameters are connected to a pedestal ring 
& horizontal plate. The pedestal ring is the platform where the magnet and the vacuum vessel supports stand on. It is 
supported by eighteen sliding bearings installed on the concrete crown wall support and is integrated with the pit 
floor. The skirt support, which is installed to a stage of the bio-shield, supports the upper cryostat. The skirt support 
allows radial movement of the cryostat shell in case of helium and water spillage event inside the cryostat. The 
support lugs, which are installed on the outer periphery of the cryostat and are locked toroidally with the mating lugs 
embedded in bio-shield, are designed to confine the cryostat and the tokamak from horizontal movement during 
seismic events. The cryostat has penetrations to allow the passage of all the systems that are required to operate and 
maintain the tokamak.
      Four main cryostat sections (base section, lower cylinder, upper cylinder and top lid) are designed to be assembled 
in the tokamak pit. These four sections are lowered from the top and then welded to form the full The cryostat. The 
material of construction of the cryostat system is stainless steel 304/304L dual grade. The main requirements for dual 
marking are described in ASME are low carbon content as for grade 304L and minimum tensile properties as for 
grade 304. No Pressure Equipment Directive (PED) classification is applicable because the design pressure for Cat. I, 
II, III events is below 1.5 bar(a), also the cryostat pressure relief system is being designed to relieve at 1.35 bar(a). 
The cryostat is classified as other ITER systems and components for Safety Important Class, Vacuum Quality Class, 
Quality Class, Seismic Class, and Remote Handling Class. Accordingly The cryostat is SIC-1 and SIC-2 for support 
function, VQC-2, QC1, SC-2 and non-RH.
               
Fig. 1. ITER cryostat composed of four main sections.
Top lid
Upper 
cylinder
Lower 
cylinder
Base 
section
296   Igor Sekachev et al. /  Physics Procedia  67 ( 2015 )  294 – 301 
Table.1. Parameter of ITER Crysotat.
The cryostat is connected to the vacuum vessel port extensions by rectangular port duct bellows to compensate for 
differential movements of the cryostat and the Vacuum Vessel (VV) due to thermal expansion, seismic motion, etc. 
These bellows form a sealed envelope between the cryostat vacuum and the port cell atmosphere. This allows port 
plugs of the VV to be exchanged and in vessel maintenance to be carried out, without breaking the cryostat vacuum.
The port cell bellows forming a sealed envelope around the port cell atmosphere. These bellows allow the 
flexibility for the differential movements between the building  (bio-shield) and the cryostat.
Recently a full scale prototype bellows (Fig. 2), measuring 3.6 m x 3.2 m, was tested to confirm spring rates 
determined by calculations and finite element analysis.
3. Analysis of the ITER cryostat
The ITER cryostat is subjected to different types of loads: pressure, inertial, electromagnetic, and thermal. 
Specification of the cryostat loads starts with definition of the single load cases. Load combinations are then defined 
with respect to the ITER Global Load Specifications. Each load combination is categorized (Cat. I to Cat. IV) based 
on the expectation of occurrence (from operating to extremely unlikely).
Based on the above loading conditions, the cryostat system design is justified using Structural Integrity 
Assessments which are performed in accordance with ASME VIII Div. 2 Ed. 2010 design by analysis rules. These 
assessments are conducted through finite element analyses using the ANSYS software. These analyses aim at 
verifying all code-specified failure modes: plastic collapse, local failure, collapse from buckling, collapse from cyclic 
loading (fatigue).
As an illustration of these analyses, Fig. 3 below are showing the cryostat cylinder structural assessment under 
cooling water system interface loads. These loads are induced by dead weight, thermal expansion and seismic 
accelerations and are applied at the top of the cryostat upper cylinder. The plastic collapse and the collapse from 
buckling failure modes are analysed using load combination of dead weight with vacuum and with seismic acting 
simultaneously through linear static, linear buckling and non-linear buckling (including imperfections) analyses.
Items of parameter Number & unit 
The cryostat outside diameter 28.54 m
The cryostat height 29.25 m
Wall thickness 40 mm – 180 mm
Number of sections 4
Main cylinder shell thickness 50 & 60 mm
Material of Construction Dual Mark 304L/304
Toroidal resistance !ȍ
Design base pressure 1×10-4 Pa
Required leak rate of completed cryostat î-4 Pam-3/s
The cryostat surface rea ~3400 m2
Interior free volume ~8500 m3
Interior total volume ~16000 m3
Mass 
Top lid 656 ton
Upper cylinder 600 ton
Lower cylinder (+TCPH) 809 ton (+214 ton)
Base section 125 ton
Total mass ~3500 ton
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Fig. 3. Non-linear buckling analysis for the cyrostat.
Fig. 2. Rectangular bellows full scale prototype testing.
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Fig. 4. The cryostat interface with TSCS.
4. Interface of the ITER cryostat
The cryostat has a large number of physical and functional interfaces. The major interfaces are with the following 
systems: Magnets, VV, TS, vacuum, cooling water, diagnostics, building, remote handling, and assembly. Some of 
them are described below in more detail.
Thermal shield and TSCS
The thermal Shield (TS) is located inside the cryostat to protect the magnets from thermal radiation heat of the 
VV and environment. The TSCS (Thermal Shield Cooling System) is cooling the TS by helium from the 80 K loop 
of the cryoplant. The TS manifolds are installed inside of the cryostat and are connected with the TSCS. For the 
supply and return of cold helium to and from the cooling channels of the thermal shield, the internal lines of the two 
identical TSCS Cold Valve Boxes (CVBs) are connected to the two identical manifold systems of the thermal 
shields via the two identical U-bend boxes (Fig. 4). The two vacuum ducts of the U-bend boxes need to be welded to 
the cryostat upper cylinder. Thermal shield instrumentation cables penetrate the cryostat at upper cylinder and base 
section. Also, man access holes in the cryostat base section and top lid shall be implemented for the TS, VV and 
magnet components maintenance.  
Vacuum pumping system and TCPH
The cryostat roughing system evacuates the cryostat from atmospheric to cryopump-crossover pressure of about 
10 Pa. Two Cryostat Cryopumps (CCPs) evacuate the cryostat to 10-4 Pa when cool-down of the TS and the magnets 
starts. The vacuum system can evacuate the cryostat from atmospheric pressure to 10 Pa within 24 hr. The cryostat
can be vented with dry air or nitrogen from vacuum to atmospheric pressure within 48 hr. The vacuum pumping 
system also provides leak detection and localization capability.
The vacuum system also provides vacuum pumping to the VV by six Torus Cryopumps (TCPs). Six of Torus 
Cryopump Housings (TCPHs) are allocated to support the TCPs and also provide the regeneration volume of 12 m3
for each TCP. The TCP and TCPH form a boundary with the port cell. TCPH is also connected to the VV using 
bellows (Fig. 5)
TSCS Cold Valve Box
U Bend Box
Cryostat 
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Fig. 5. TCPH connected to VV with TCP installed.
Magnet System
The ITER feeder systems are the lifelines of the superconducting magnets, conveying the electrical power, 
cryogenic fluids and instrumentation wires to and from the coils to outside the cryostat. Magnet feeders include the 
in-cryostat feeders, the Cryostat Feedthroughs (CFTs), and the Coil Terminal Boxes (CTBs) or Structure Cooling 
Valve Boxes (SCVBs). Each in-cryostat feeder is a subassembly that connects a coil or structure to the end of a CFT
located outside of the cryostat (Fig. 6). There are ten penetrations on cryostat upper cylinder and twenty one
penetrations on base section separately for magnet feeder system.
Fig. 6. The cryostat interface with the magnet feeder.
TCPH TCP
Cryostat wallVV port extension
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CFT 
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Fig. 7. The cryostat interface with magnet gravity support.
The entire magnet system except feeder is supported by the eighteen Gravity Supports (GS) that stand on top of 
the pedestal ring of the cryostat (Fig. 7). The Pedestal Ring must resist all the dead weight, seismic and 
electromagnetic forces and moments applied by the gravity support.
Cryostat pedestal ring
Magnet gravity 
support
Fig. 8. Segments of base section, lower cylinder, upper cylinder and top lid (from left to right) manufactured in factory.
Fig. 9. Welding Mock-up of skirt plate.    Fig. 10. Welding Mock-up of pedestal ring.    
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5. Manufacture of ITER
The cryostat will be manufactured in three stages: the factory fabrication of the 30° segment for top lid and 60°
segments for others (Fig. 8); the subassembly of the cryostat sections on ITER site in the workshop and the final
assembly and welding of the sections in the tokamak pit.
The procurement arrangement (PA) has been signed with INDA in 2011. The cryostat manufacturing contract was 
awarded by INDA to Larsen & Toubro Limited in 2012. The material procurement has been started with approval of 
the manufacturing procedures and drawings, Quality Assurance Plan (QAP), Manufacture Inspection Plan (MIP) 
and other QA/QC documents by the IO. The first phase of the cryostat Manufacturing Readiness Review (MRR) has 
been completed in April 2013. 
Prototype and welding mock-ups are being manufactured by Larson & Toubro before starting of the actual 
manufacturing of the cryostat to validate the manufacturing sequence, welding processes, dimensions control within 
tolerances, feasibility of NDT and the requirement of jigs and fixtures. The welding mock-up has been completed 
and the prototype for the cryostat base section manufacturing is on-going and will be finished in 2014 (Fig. 9 and 
Fig. 10). Welding of the cryostat base section has started.
The cryostat workshop, which is 44 m wide, 110 m long and 27 m height, is in the commission phase. After sub 
assembly in workshop, the four main cryostat sections will be transported to the assembly cleaning facility. The 
cryostat sections will be transported and lifted to tokamak pit for final cryostat assembly.
6. Conclusion
As one of the most important systems of the ITER tokamak, the design of the cryostat main section has been 
completed. The supplier has started the manufacture of the base section. The TCPH and rectangular port bellows are 
under design or prototyping as sub components. The PA amendment will be signed with INDA after completion of 
design.
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